Introduction
Oil price has been at the centre of several theoretical and empirical studies since the 1980s (Hamilton, 1983 (Hamilton, , 2003 (Hamilton, , 2009 ) for at least four reasons. First, changes in oil prices directly or indirectly affect investment choices, financial decisions, production and economic growth for both oil producers and consumer countries. Indeed, oil constitutes a major input for several production sectors, industries and manufacturers in developed countries, and is also a major resource for oil producing countries 11 . Second, with rapid financial globalization and financial innovation, together with the development of derivatives, oil products have become central to major investments and portfolios, and are held as a benchmark for derivatives (Hamilton and Wu, 2014) . Third, in the aftermath of the recent global financial crisis (2008) (2009) , the serious failure of conventional finance, and major stock market losses, the oil market is considered as a form of refuge, an alternative form of finance and a source of diversification benefits (Alquist et al., 2013) . Fourth, the 1973 and 1979 oil shocks are still present in the minds of bankers, economists, analysts and policymakers (Plourde and Watkins, 1998; Fleming and Ostdiek, 1999) as they had a considerable impact, not only on major developed and emerging economies but also on the trajectory of academic research in economics (Keynesian Theory and Philips Curve versus Monetarist Theory and New-Classical Theory, etc.). Thus, even though demand for oil has decreased and has become more regulated over the last few decades thanks to the drive for new energy resources by firms and production systems, interactions with oil markets continue to increase, yielding new oil-input products and investments, and implying significant changes in oil prices and volatility, and consequently changes in oil risk premium. Analysts and scholars have suggested at least three different explanations to account for these rapid changes in oil price dynamics. First, the changes are due to an endogenous factor (rapid increase in oil products and high increase in investors' appetite for oil investment) because the oil market is a form of refuge for investors to escape from the losses made in financial markets. Second, an exogenous factor that might justify changes in oil markets is associated with recent geopolitical events and changes in oil producing countries (Iraq, Syria, Libya, Russia, Venezuela and Nigeria) 12 . Indeed, political instability is an important source of oil volatility and oil systematic risk variation. It can also affect investor's attitude toward risk and oil risk premium, notably in view of the geopolitical risks. 13 . Third, while concern and uncertainty relating to oil exhaustion in the near future led to a rise in oil prices, and pushed OPEC to revise the process of oil exploitation, the conduct of unconventional monetary policies by the Central Banks in the US and EU countries since 2008 directly or indirectly affected the evolution of oil prices.
Overall, these different changes in economic circumstances, the end of the Great Moderation, the switch to unconventional monetary policies, geopolitical risk and all the above-mentioned stylized facts have led to various complex dynamics for oil prices. As mentioned earlier, several endogenous factors (oil demand, oil production, speculation, etc.) and exogenous factors (political instability, uncertainty about oil supply, the sabotage of oil exploitation infrastructures in Iraq, etc.) can explain this instability in oil prices, although it is difficult to quantify their effects precisely. This sometimes makes future oil price forecasts a hard exercise (Dehn, 2001) , while investors, managers and policymakers need to learn more about oil price dynamics in order to correctly revise and define their investment and financial choices.
Otherwise, oil risk premium, while mentioned in several studies, has been relatively ignored in the literature. Moosa and Al-Lougani (1994) highlighted significant time-variation in the risk premium of oil futures, and recommended the use of a GARCH model. McNown and Peroni (1998) and Kellard et al. (1999) showed the existence of a risk premium for futures of short maturities. Gorton and Rouwenhorst (2006) suggested that oil risk premium is equal to the historical risk premium on stocks, and pointed to a positive relationship between the risk premium of oil assets and oil volatility. Interestingly, hedging pressure and systematic risk seem to be the two main determinants of futures premiums. Oil risk premium is also central to a recent paper by Hamilton and Wu (2014) who identified significant changes in oil future risk premia since 2005. Interestingly, the authors pointed to volatility excess in oil premia and to the presence of negative premium, suggesting further evidence of seasonal variation of risk premia over the month, but also the presence of investors who buy long-term futures from oil producers and sell short-term futures in order to index fund investors. In other words, it appears evident that increased participation by financial investors changes the nature of risk premia. The time-variation in oil risk premia is shown by Melolinna (2011) who highlighted the existence of oil risk premia that depends on the choice of the sample period. For Alquist et al. (2013) , oil risk premia exist, and this can be explained by both macroeconomic risk and oil industry specificities (crude oil scarcity). At the same time, Deaves and Krinsky (1995) showed the significant impact of commodities on oil risk premium. In this paper, we focus on the study of oil price volatility and oil risk premium, since both are important factors in explaining oil price dynamics and giving investors greater insights into oil industry investment and diversification opportunities in the context of the financial crisis and recent turbulence in the finance sector. In effect, the investigation of oil risk and premium drivers can help us to understand oil price changes and improve its forecasting. While previous studies have focused on specific oil markets, our study premium associated with the conflicts in Libya in 2011.
covers a large sample of oil markets in developed and emerging countries to provide a wide vista of oil price fluctuations. In addition, while carrying out our modelling with recent data, our investigation captures the impact of the global financial crisis and more recent geopolitical changes. Furthermore, the application of the time-varying and asymmetrical approach has the advantage of offering a different take on dynamic and nonlinear oil price evolution. Accordingly, our findings point to significant time-varying oil risk premia, taking into account the impact of political instability (exogenous factors) and investors' aversion to risk change (endogenous factor). It contributes to the literature while investigating the properties of oil risk premium (asymmetry, time-variation) to improve oil price forecasts. The paper is organized into four sections. Section 2 presents the econometric methodology. The empirical results are discussed in section 3. The last section concludes.
Econometric Methodology Conditional Oil Risk Premium Modelling
The well-known CAPM (Capital Asset pricing Model) developed by Sharpe (1964) and Lintner (1965) , often used to determine risk premium, corresponds to:
Where : rf t and r t denote the one period returns of riskless asset and a risky asset (oil) respectively, r M,t refers to the returns of the market portfolio over one period,  refers to the market beta.
The above standard CAPM assumes that  is constant over time and that it is calculated using the variances and covariances obtained from historical data that
. This implies that the distribution of returns is stable over time, although it has not been verified in practice. Recently, Fama and French (2004) showed that the standard CAPM model is not sufficient to take the time-variation into account in risk premium and price of risk . To address this problem, the conditional CAPM was introduced. The latter has the advantage of allowing risk and return to vary over time. Formally, a conditional CAPM corresponds to
Accordingly, it is possible to provide a conditional and time-varying measure for the market beta defined as:
. The oil equity premium is then calculated according to the following time-varying market beta and the conditional expected market
The ADCC-GARCH model
In order to reproduce time variation in asset price volatility, several conditional variances were introduced and applied, including Autoregressive Conditional Heteroscedasticity models (Engle, 1982) and GARCH models (Bollerslev, 1986) . Interestingly, to enable correlations and variances to vary over time, several multivariate GARCH specifications have been developed. Among these developments, we noted the dynamic conditional correlation GARCH (DCC-GARCH) model introduced by Engle and Sheppard (2001) and the ADCC GARCH model of Cappiello, Engle and Sheppard (2006) who extended the DCC-GARCH model to allow for asymmetry in the time-varying conditional correlations. While this new class of dynamic correlation model is distinguished by its simplicity in that it is executed in a simple two-step algorithm, the ADCC-GARCH offers an excellent framework to improve variance and therefore risk premium modelling.
Formally, we note a vector of oil returns by r t and specify its dynamics as follows:
Where : r t denotes the oil returns' vector,  denotes the vector of conditional returns,  t is the vector of mean-corrected returns of n oil assets at time t.
We specify  t as:
The matrix H t is defined as follows:
Where : D t is the diagonal matrix of time-varying standard deviations, R t is the matrix of conditional correlation of the standardized residuals
The matrix D t is based on time-varying standard variations from the univariate GARCH model and corresponds to
The diagonal elements of D t are obtained from the following GARCH (p, q) specification 14 :
 i and  j are the ARCH and GARCH parameters respectively, p and q are the max-lag numbers.
The matrix R t reproduces conditional correlation of the standardized residuals (  t  D t −1 r t  N0, R t  and corresponds to:
That is, in practice, a GARCH structure is used to model the correlation dynamics. Thus, an ADCC process of order (M,N) can be described as:
denotes the unconditional and time-invariant variance-covariance matrix, a and b measure the effects of shocks and dynamic correlations respectively, Q * is a diagonal matrix containing the square root of the diagonal elements of Q t ,
To check the stationarity and positivity of Q t , the following conditions are required:
We define Q t * as:
The next section proposes an empirical investigation for oil risk premium using conditional CAPM and ADCC-GARCH specification.
Empirical Analysis
Data We began our analysis by exploring the properties of oil prices for the different regions. First, we applied unit root tests (Augmented Dickey Fuller and Philips-Peron tests), and both tests pointed to the presence of a unit root in the oil indexes, suggesting that all indexes are I(1). Accordingly, we focused on oil returns. Second, we investigated their main statistical properties that we reported in Table 1 . Here, we noted that the MSCI emerging markets Latin America Index provided the highest return in mean, while the MSCI EM EASTERN EUROPE Standard index showed the highest risk. The distribution of oil indexes is asymmetrical, indicating that the left tail is longer and that the mass of the distribution is concentrated on the right (left-skewed distribution). Second, while the distributions of MSCI EM EASTERN EUROPE Standard index, the MSCI Emerging Markets EMEA Index and the MSCI Emerging Markets Latin America Index seem to be leptokurtic with fat tails, indicating the frequentation of abnormal values, we noted the platykurtic property for the other indexes. Finally, normality was strongly rejected for all the oil indexes under consideration. Table 1 
: Descriptive Statistics
Next, we computed unconditional correlation (Table 2 ) in order to investigate linkages between oil prices in the developed and emerging markets. While our analysis pointed to strong and significant correlation between the World Oil indexes and the other oil country indexes, we can note that while oil price correlations across the oil markets under consideration are significant, the bilateral correlation varies per oil market. This may suggest that oil risk perception and oil risk premium might also vary, depending not only on global factors (World Oil Market) but also on specific and national drivers. (1) denotes the rejection of the null hypothesis of the "No ARCH effect". This analysis supposes however the constancy of oil price moments, which cannot be verified in practice. In order to check for time variation in oil return dynamics, we carried out the Engle's ARCH Test. Our analysis highlighted the presence of conditional heteroscedasticity in oil price data. Overall, we noted strong correlations between oil indexes in Tables 1, 2, and significant asymmetry and ARCH effect in oil data. We used ADCC-GARCH modelling in order to investigate these three properties (asymmetry, correlation and heteroscedasticity) jointly, while enabling both correlation and variance dynamics to vary over time.
ADCC-GARCH Modelling
In order to model conditional variance for oil prices while taking conditional correlation into account, we tested different specifications and applied a number of tests. Accordingly, the ADCC (1,1)-GARCH (1,1) model was retained as the most appropriate specification, which is also in line with previous studies. We estimated this relationship and reported the main results in Table 4 . From these, we noted various results. First, the ARCH and GARCH coefficients (  and  ) are statistically significant and show appropriate economic signs. In addition, their sum is less than the unity for all indexes confirming the stationarity and appropriateness of the GARCH specification. Second, the asymmetry coefficient c is significant for only five indexes ( the MSCI EAFE Standard index, the MSCI Emerging Markets Latin America Index, the MSCI EUROPE index, the the North America Standard (Large+Mid Cap) index, and the MSCI G7 index), suggesting that negative shocks on these markets may have more impact than positive shocks. Finally, regarding coefficients a and b , which reproduce the impact of past standardized shocks and lagged dynamic conditional correlations respectively on the current dynamic conditional correlations, we showed that these parameters are statistically significant for all indexes, confirming the hypothesis of dynamic conditional correlations between oil prices.
Tabel 4: The ADCC(1,1)-GARCH(1,1 
) Estimate
Next, these results were used to estimate the conditional volatility of oil prices for the World market as well as for the other specific oil indexes. We reported the main results obtained in Figures 1a and 1b . Accordingly, we noted at least three significant results. First, the recent global financial crisis (2008-2009) has led to increased volatility, and therefore risk, for oil prices in both developed and emerging countries, as well as for the world, implying periods of high and low volatility (volatility clustering). Second, a significant time-variation property and asymmetry seem to characterize the dynamics of oil volatility, confirming the conditional dynamics specification. Third, conditional oil volatilities for emerging markets are significantly higher than those of developed markets and world oil volatility. The conditional volatility of the world index evolves in a substantially similar manner to the Pacific index and the G7 index. Furthermore, while volatility excess characterizes the developed market at the end of the period, the 1990s represented a period of high oil volatility for emerging markets. Overall, this time variation in oil volatility might be explained differently: i) the pressure on oil markets and the return to the oil industry as a form of refuge by investors, ii) the impact of the end of the Great Moderation and the impact of the Great Economic Depression (less oil demand  oil price decrease), iii), the geopolitical changes that affected emerging markets far more than developed markets, iv) the effect of political instability (Iraq, Russia, Syria), which induces additional risk that may increase oil volatility. In order to better characterize the risk associated with investment in these oil markets, we focused on modelling oil systematic risk. To do this, we estimated a time-varying Market Beta, taking into account the conditional time variation characterizing oil return correlations and volatilities. Formally, we used this relationship:
Where : H 12,t denotes the conditional volatility for the World oil market H 22,t denotes the conditional covariance between the World oil market and the oil price i.
with H 22,t and H 12,t , respectively the conditional volatilities of the WORLD Standard market and the conditional covariance between asset i and the WORLD Standard market. This estimation of time-varying market beta, reported in Figure (2a, 2b) , provides a conditional measure of oil systematic risk, and enables investors to learn more about oil industry investment risks. The analysis of these figures provides some interesting results in line with the previous analysis of conditional oil volatility estimates. Indeed, the time variation is beta, and therefore oil systematic risk is not rejected and suggests further evidence of significant oil price variations for the different markets. Interestingly, oil prices in the emerging markets always showed higher levels of time-varying beta than oil prices in developed countries. After identifying significant time variation and conditional dependency in oil price volatility and covariance across a large sample of oil indexes in developed and emerging countries, we finally focused on the test and modelling of time variation and asymmetry in crude risk premia. This issue is particularly interesting as it enables us to characterize the attitude of investors with regard to risk when acting on oil markets. It can also help us to better understand the evolution of oil prices during calm and turbulent times across the major developed and emerging markets. Formally, time-varying oil risk premia are estimated using the relationship in Equation (2), and the main related empirical results are reported in Figures (3a, 3b) . Accordingly, our findings provide a number of interesting results. First, time variation in oil risk premium is significantly retained, and premiums appear to increase during periods of booms and crashes, suggesting that investors include additional risk when the economic cycle shows negative signs that induce doubts and concerns about the future. Second, as an illustration, the highest oil risk premium is observed at the end of the period, following the global financial crisis, indicating that investors are more attentive to the reasons for precaution and security, and they include crisis and financial risk in their strategy and therefore ask for higher risk premiums. Third, as for market beta and conditional volatility, oil risk premia in emerging markets are higher than risk premia in developed countries, which can be explained by the fact that investors require higher premiums to be covered against oil price variations, but also against possible geopolitical risk, or political instability which is often frequent in these emerging regions. Interestingly, oil risk premium is sometimes negative, which is explained differently according to the scholars: i) presence of long-horizon investors, ii) presence of investors who are looking for risk, and iii) the context of controlled inflation. Indeed, when investors trust policymakers, but show concern about short rates, they prefer long rates and horizons and their actions therefore contribute to decreasing risk premia. 
